In vivo bone formation following transplantation of human adipose-derived stromal cells that are not differentiated osteogenically.
A number of studies have shown in vivo bone regeneration by transplantation of osteogenic cells differentiated in vitro from adipose-derived stromal cells (ADSCs). However, the in vitro osteogenic differentiation process requires an additional culture period, and the dexamethasone that is generally used in the process may be cytotoxic. Here, we tested the hypothesis that ADSCs that are not differentiated osteogenically in vitro prior to transplantation would extensively regenerate bone in vivo when exogenous bone morphogenetic protein-2 (BMP-2) is delivered to the transplantation site. We fabricated a poly(dl-lactic-co-glycolic acid)/hydroxyapatite (PLGA/HA) composite scaffold with osteoactive HA that is highly exposed on the scaffold surface. This scaffold was able to release BMP-2 over a 4-week period in vitro. Human ADSCs cultured on BMP-2-loaded PLGA/HA scaffolds for 2 weeks differentiated toward osteogenic cells expressing alkaline phosphatase (ALP), osteopontin (OPN), and osteocalcin (OCN) mRNA, while cells on PLGA/HA scaffolds without BMP-2 expressed only ALP. To study in vivo bone formation, PLGA/HA scaffolds (group 1), BMP-2-loaded PLGA/HA scaffolds (group 2), undifferentiated ADSCs seeded on PLGA/HA scaffolds (group 3), and undifferentiated ADSCs seeded on BMP-2-loaded PLGA/HA scaffolds (group 4) were implanted into dorsal, subcutaneous spaces of athymic mice. Eight weeks after implantation, group 4 exhibited a 25-fold greater bone formation area and 5-fold higher calcium deposition than group 3. Bone regeneration by transplanted human ADSCs in group 4 was confirmed by expression of human-specific osteoblastic genes, ALP, collagen type I, OPN, OCN, and bone sialoprotein, while group 3 expressed much lower levels of collagen type I and OPN mRNA only. This study demonstrates the feasibility of extensive in vivo bone regeneration by transplantation of ADSCs without prior in vitro osteogenic differentiation, and that a PLGA/HA composite BMP-2 delivery system stimulates bone regeneration following transplantation of undifferentiated human ADSCs.